New tetrasubstituted p-tert-butylthiacalix[4]arenes containing 2-, 3-, and 4-picolylamine fragments at the lower rim in 1,3-alternate conformation were synthesized. It was shown that the macrocycles synthesized are able to bind selectively phthalic acid in the series of dicarboxylic (oxalic, malonic, succinic, adipic, glutaric, fumaric, maleic, isophthalic and terephthalic) and hydroxy (glycolic and tartaric) acids.
Introduction
Calixarenes, [1] crown ethers [2] and cyclodextrins [3] belong to the third generation of host molecules in supramolecular chemistry. (Thia)calix[n]arene derivatives are of particular interest as building blocks in the design of synthetic receptors for recognition of cations, anions and neutral molecules. [4] [5] [6] [7] [8] [9] The possibility of functionalizing the upper and lower rims of (thia)calixarene, [1, [10] [11] [12] [13] and their diverse conformational isomers make (thia)calixarene derivatives attractive for the design of molecular sensors and transmitters, [14] analytical sensors for biomimetic systems [15] and as catalysts. [16] The design of synthetic receptors for dicarboxylic acids [17] is of main interest due to the crucial role that dicarboxylic acids play in the metabolism of living organisms and biotechnology. For selective recognition of dicarboxylic acids, the structure of the receptor must contain proton donor and proton acceptor fragments. [18] [19] [20] [21] [22] [23] It is well known that pyridine is a proton-acceptor, and primary and secondary amino groups are involved in hydrogen bonding as proton donors and/or proton acceptors. [24] The (aminomethyl) pyridine fragment contains two types of nitrogen atoms, i.e. one in pyridine ring and second in the amino group, which both is easily available. In this regard, we have synthesized Secondary Amine Derivatives of p-tert-Butyl Thiacalix [4] arenes tetrasubstituted at the lower rim p-tert-butylthiacalix [4] arenes containing 2-, 3-and 4-picolylamine fragments.
Experimental
General 1 H NMR spectra were recorded on the Bruker Avance-400 (400 MHz) spectrometer and 13 C and 2D NOESY NMR spectra were obtained on impulse spectrometer Bruker Avance II (125 MHz and 500 MHz respectively). Chemical shifts were determined relative to the signals of residual protons of deuterated solvent (CDCl 3 ). The concentration of the sample solutions was 3-5 %.
Attenuated total internal reflectance IR spectra were recorded with Spectrum 400 (Perkin Elmer) Fourier spectrometer.
Absorption spectra were recorded on the Shimadzu UV-3600 UV-spectrometer. Quartz cuvettes with optical path length of 10 mm were used. Solutions of thiacalix [4] arenes in dichloromethane with concentration of C=2.7·10
-5 M were prepared and the spectra recorded after 10 min incubation. Efficiency of acid binding was estimated by addition of 200-fold excess of acid to thiacalixarene in methanol. The experiment was carried out at 25 ºС.
Elemental analysis was performed with Perkin Elmer 2400 Series II instrument.
The mass spectra were obtained on Bruker Ultraflex III MALDI-TOF instrument using 1,8,9-trihydroxyanthracene or 4-nitroaniline matrices.
Melting points were determined using the Boetius Block apparatus.
Additional control of the purity of compounds and monitoring of the reaction was carried out by thin-layer chromatography using Silica G, 200 µm plates, UV 254.
Synthesis of Сompounds 1-6
p-tert-Butylthiacalix [4] arenes 1 and 2 of in 1,3-alternate conformation were used as initial reagents. [11] 5, 11, 17, 27, 26, 
5,11,17,23-Tetra-tert-butyl-25,27,26,28-tetrakis[N-(3-propoxy)-3-(pyridine-2-methylamino)propanamide]-2,8,14,20-
tetrathiacalix [4] arene (1,3-alternate-4) . 2-Picolylamine (0.15 ml, 1.39 mmol) in methanol (10 ml) was added to 5,11,17,23- [4] arene (1,3-alternate-6 ). 4-Picolylamine (0.7 ml, 6.9 mmol) in methanol (40 ml) was added to 5,11,17,23-tetra-tertbutyl- 25,27,26,28- 
Determination of Stability Constant and Stoichiometry of the Complex by UV Titration
The UV measurements were performed with Shimadzu UV-3600 instrument. The 1.65·10 -3 М solution of dicarboxylic acid (oxalic, malonic, succinic, adipic, glutaric, fumaric, maleic, isophthalic, or terephthalic acid) or hydroxy (glycolic or tartaric) acid (100, 150, 200, 250, 300, 400, 450, 500, 550, 600, 700, 800, 900 µl) in methanol was added to 1 ml of the solution of receptor 4-6 (8.3·10 -5 M) in methanol and finally diluted to 3 ml with methanol. The UV spectra of the solutions obtained were then recorded. The stability constants and stoichiometry of complexes were calculated as described elsewhere. [25] Three independent experiments were carried out for each series. Student's t-test was applied in statistical data processing.
Results and Discussion

Synthesis of Thiacalix[4]arenes
Among various approaches developed for the synthesis of aminocalixarenes containing primary amino groups including the reduction of nitro compounds, [26] nitriles , [27, 28] cleavage of phthalimide derivatives, [11] the synthesis of secondary amine derivatives based on calixarenes is less studied. [29, 30] An alternative approach to the preparation of thiacalixarene containing secondary amino groups, based on conjugate addition of amines to α-, β-unsaturated compounds (aza-Michael reaction) was used. This method has attracted much attention due to its mildness and operation simplicity. [31] The spatial orientation of the four macrocycle substituents about the plane of calixarene makes the 1,3-alternate conformation interesting for the synthesis of receptors for dicarboxylic and hydroxycarboxylic acids. Also in the 1,3-alternate conformation, allosteric effect can be realized. [32] To introduce secondary and tertiary amino groups into the structure of a compound, the aza-Michael reaction can be used. [31] Previously, the derivatives 1 and 2 of tetrasubstituted at lower rim thiacalix [4] arene in 1,3-alternate conformation containing the phthalimide and primary amino fragments, respectively, were synthesized. [11] The interaction of p-tert-butyl-thiacalix [4] arene 2 with acryloyl chloride in the presence of triethylamine and 4-methoxyhydroquinone as a radical polymerization stabilizer resulted in formation of tetraacrylamide 3 in 1,3-alternate conformation (Scheme 1).
The p-tert-butyl-thiacalix [4] arene was further functionalized with (aminomethyl)pyridine fragments by the reaction of the macrocycle 3 and (aminomethyl)pyridine isomers, (2-, 3-, 4-(aminomethyl)pyridine) (Scheme 2).
The reaction was carried out under inert atmosphere to prevent the oxidation of amines. It should be noted that the reaction time depended on the amine used (Table 1 ). In the case of 3-and 4-picolylamine the reaction time did not significantly differ (20 and 17 hours, respectively) . However, the complete conversion of the macrocycle 3 in the presence of 2-picolylamine took 60 hours of refluxing. Difference in the reaction rate in the case of 2-picolylamine is due to the reduced nucleophilicity of the primary amine group resulting from the proximity to the electron-acceptor nitrogen of pyridine. Complete conversion of the compound 3 was monitored using TLC and 1 H NMR spectroscopy. Figure 1 shows the 1 H NMR spectra of parent macrocycle 3 and reaction products. Absence of signals for the ABX system of acrylamide groups in the macrocycle 3 as well as the appearance of new signals at 7.5 ppm and 3.5 ppm, clearly confirms complete conversion of the compound 3 in the reaction products 4-6. Table 1 . Reaction time and yields of macrocycles 4-6.
Compound
Yields, % Reaction time, h.
(2-isomer) 88 60
(3-isomer) 88 20
6 (4-isomer) 94 17 Table 2 shows the characteristic stretching vibrations of macrocycles 3-6 in the IR spectra. From the analysis of IR spectra, it can be observed that the amide protons of the macrocycles 3-6 are in the associated form. Offset of stretching bands of the carbonyl group (-C(O)-) of the synthesized (aminomethyl)pyridines 4-6 in comparison with the thiacalixarene 3 is due to the disappearance of a multiple bond (C=C) in the thiacalixarenes 4-6. Table 1 ).
Secondary Amine Derivatives of p-tert-Butyl Thiacalix[4]arenes
Thus, for the first time, p-tert-butylthiacalix [4] arene derivatives containing acrylamide and 2-, 3-, and 4-(aminomethyl)pyridine moieties were synthesized. The structure and composition of the compounds 3-6 was Figure 1 .
1 H NMR spectra of compounds 3-6 (CDCl 3 , at 25 °C, Bruker Avance-400). 
Complexation Study of p-tert-Butylthiacalix[4]arenes 4-6 by UV Spectroscopy
The efficiency and selectivity of the interaction of the obtained macrocycles 4-6 with glutamic, aspartic, tartaric, oxalic, glycolic, malonic, succinic, fumaric, maleic, phthalic, isophthalic and terephthalic acids were established by UV spectroscopy.
Interestingly, the synthesized macrocycles 4-6 showed analytical response only to phthalic acid. Figure 2 shows the absorbance spectrum for the interaction of the macrocycle 4 with 200-fold excess of phthalic acid. Addition of phthalic acid to the macrocycle 4 resulted in the hypochromic effect and the bathochromic shift of the absorption band to 290 nm and the appearance of a new absorption maximum at 275 nm. It should be noted that a similar pattern is observed for the interaction of the macrocycles 5 and 6 with phthalic acid. This indicates that the binding process is the same for all the synthesized macrocycles 4-6.
To qualitatively determine the complexing ability of the macrocycles 4-6 to the phthalic acid, association constants were determined (Table 3) . Using the method of isomolar series, it was established that the macrocycles 4-6 complexed phthalic acid at a ratio of 1:1 in methanol (Figure 3) . Calculation of the association constants (Table 3) was carried out by the Benesi-Hildebrand method. [25] The proposed scheme for the binding of phthalic acid by the macrocycles 4-6 is shown in Figure 3 . The apparent identical association constant values for the macrocycles 4-6 with phthalic acid is due to the absolute involvement of pyridine fragments in binding of phthalic acid. The 1:1 stoichiometry of complexes is due to negative allosteric effect.
It should be noted that these systems can be used to construct effective ternary systems for detecting metal cations or to realize supramolecular self-assembly. [33, 34] 
Conclusion
We have proposed and implemented a new strategy for obtaining aminothiacalixarene receptors for carboxylic acids, based on the aza-Michael addition reaction. Novel tetrasubstituted at the lower rim p-tert-butylthiacalix [4] arenes in the 1,3-alternate conformation containing 2-, 3-and 4-picolylamines have been synthesized. Molecular recognition of phthalic acid in a series of dicarboxylic (oxalic, malonic, succinic, adipic, glutaric, fumaric, maleic, isophthalic, and terephthalic) and hydroxy (glycolic and tartaric) acids by the macrocycles synthesized was demonstrated.
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